Background/Objectives: The United Arab Emirates has undergone remarkable economic and social transformations over the past few decades. We present findings on the prevalence of overweight and obesity, dietary and activity patterns among Emiratis in 2009/10, and explore associated urbanization and wealth factors. Subjects/Methods: A cross-sectional study was conducted in 628 randomly selected households in all seven emirates. Sociodemographics, 24-h dietary recalls, physical activity and anthropometric data were collected from adult females (X19 years), adolescents (11-18 years) and children (6-10 years) in each family via in-person interviews using validated questionnaires. Results: In 2009/10, 65% of adult women, 28% of male adolescents and 40% of female adolescents, 25% of male children and 41% of female children were overweight or obese. 43% of girls and 38% of boys (6-10 years) consumed more calories than their estimated energy requirements. Snacking represents a major source of Emirati caloric intake (420%) of total calories. In addition, caloric beverages account for 8-14% of total calories. Meanwhile, physical activity levels are low, especially among females Emiratis and those living in urban areas. Conclusions: These trends represent the potential risk for severe cardiometabolic problems in the United Arab Emirates. The significant gender differentials among children and adolescents are driven by diet and activity differences. More attention should be paid to educate the public on nutrition (for example, limit the consumption of sugared sodas, fruit drinks and whole milk, promote water and low-fat/skim milk consumption instead) and encourage physical activity from a young age, especially among females. Built environments and social support for improved lifestyle choices by individuals are needed.
Introduction
The countries in the Arabian Gulf region, Bahrain, Kuwait, Qatar, Oman, Saudi Arabia and the United Arab Emirates, have experienced a rapid transition from a traditional semi-urbanized life to a modern and urbanized society following major discoveries of oil since the 1960s (International Monetary Fund, 2009 ) with a concomitant rise in the prevalence of obesity, and other cardiometabolic problems (Ng et al., 2011) . Minimal research has focused on dietary and physical activity patterns in the region, despite large numbers of studies on obesity (Ng et al., 2011) .
The United Arab Emirates presents a number of factors that contribute to the rising rates of obesity and nutritionrelated non-communicable diseases. Among the dietary causes noted are frequent snacking (Musaiger and Radwan, 1995; Amine and Samy, 1996) , the replacement of traditional foods with energy-dense fast foods, and water with soft drink consumption (Amine and Samy, 1996; Musaiger and Abuirmeileh, 1998; UAEHALS, 2000; Kerkadi, 2003; Rabbia et al., 2004; UAE-GSHS, 2005) and low fruit and vegetable intake (Rabbia et al., 2004; UAE-GSHS, 2005; Zaghloul et al, in press ). In addition, reduced physical activity due to inactive occupations, rare participation in sports and sedentary leisure have been blamed (UAEHALS, 2000; Rabbia et al., 2004; UAE-GSHS, 2005; Wasfi et al., 2008) .
A nationally representative survey undertaken in the United Arab Emirates in 2009/10 describes the estimated prevalence of overweight and obesity and the dietary and activity patterns for adult females, children and adolescents.
We also explore how some underlying factors (for example, urbanization and wealth) are associated with the shift from a presumably healthier lifestyle to one linked with an advanced stage of the nutrition transition.
Subjects and methods
This study was approved by the Institutional Review Boards of University of North Carolina and the UAE University Faculty of Medicine. Interviews were conducted in Arabic, with study questionnaires and informed consents written in both Arabic and English.
Study sample
This study used a nationally representative random sample of urban and rural Emirati households from all seven Emirates (Abu Dhabi, Dubai, Sharjah, Fujairah, Ras al Khaimah, Ajman and Umm al Quwain). The 14 strata were divided into primary sampling units, which consisted of a census enumeration area in the urban areas or a village in the rural areas. All Emirati households residing in primary sampling units with at least eight Emirati households were considered the target population. Using the May 2005 and 2008 United Arab Emirates census, the Ministry of Economy randomly selected 200 primary sampling units. The study teams approached 827 Emirati households; 628 households agreed to participate, with a household response rate of 75%.
Data collection
All survey materials and protocols were piloted and adjusted over the 6-months before survey implementation, including 3 weeks of training for all staff. Collection of nutritionrelated data (diet recall, physical activity and anthropometry) was obtained from one female adult (X19 years), one adolescent (11-18 years) and one child (6-10 years), who were randomly selected from each household. In the case of children (6-10 years), the mother or primary caregiver provided information regarding physical activity and diet. We did not collect nutrition-related data from adult males due to their involvement in other aspects of the survey, which might have deterred them from agreeing to allow other household members to participate.
Physical activity
The International Physical Activity Questionnaire short form asks about the frequency (days during the last 7 days) and duration of three types of activities: walking, moderate intensity activities (for example, jumping rope, tennis, bicycling at a regular pace) and vigorous intensity activities (for example, fast bicycling or aerobics; Booth, 2000) . To ensure relevance, we provided examples that were more reflective of the region and appropriate for the various age groups (6-10 years, 11-18 years, X19 years). The International Physical Activity Questionnaire sitting question is an additional indicator variable of time spent in sedentary activity to provide a separate construct regarding lifestyle, as inactivity is not merely the opposite of activity (Dietz, 1996) . The International Physical Activity Questionnaire has been used in surveys globally, including the World Health Organization World Health Surveys (WHO), and has been validated for a number of different populations, including those from the Arabian Gulf (Craig et al., 2003; Hallal and Victora, 2004; Hagströmer et al., 2006; Al-Hazzaa, 2007; Qahoush et al., 2010) . Our analysis of the data followed the 'Guidelines for Data Processing and Analysis of the International Physical Activity Questionnaire' (IPAQ Research Committee, 2005) .
Dietary data collection
The 24-h dietary recall and data processing procedures were based on methods developed in Kuwait. Dieticians brought food models, measuring cups, spoons, bowls and plates to help respondents determine portion sizes and used a specially designed Food Instruction Booklet (Zaghloul et al., 2010) , which follows the US Department of Agriculture's five-steps multiple pass method (Raper et al., 2004; Moshfegh et al., 2008) . The method standardizes data collection by using a sequence of probing questions to guide the respondent through the 24-h reference period more than once; this procedure gives the respondent several opportunities to remember food details, amounts, and additional foods. All data were cross-checked by supervisory staff, and respondents were re-contacted (if necessary) before data entry. Data coders used the ESHA Research Food Processor SQL and ESHAPort SQL software, which already contained a food composition database of over 35 000 food items with data from more than 1500 sources, including the latest US Department of Agriculture Standard Reference database, items from the United States individual consumption survey databases, manufacturer's data, data from fast food companies and data from literature sources (ESHA Research, 2006) . The team updated this with detailed nutritional information from over 100 composite Kuwaiti dishes that underwent nutritional analysis by the Kuwait Institute for Scientific Research (Kuwait Institute for Scientific Research, 1998; Dashti et al., 2001 Dashti et al., , 2003 Dashti et al., , 2004 Al-Amiri et al., 2009 to provide data coders with a culturally representative collection of food items. In addition, additional local Emirati recipes and dishes collected during the pilot and throughout the data collection process were added. All entered data were checked in the United Arab Emirates and by senior project staff (Kuwait and US) before it was finalized. On the basis of final data, total calories, macronutrient and micronutrient content of the foods consumed by food group, by meal and for each individual were derived.
Anthropometry
Height, weight and waist circumference were measured by trained nurses using easily portable medical equipment (stadiometers, digital floor scales and girth measuring tapes). Nurses took at least two measurements each for height, weight and waist circumference. A third measurement was taken if the difference between first two was 40.5 cm for height, 0.5 kg for weight and 1.0 cm for waist circumference, following standard protocols. World Health Organization cutoffs were used for adults (WHO, 2000) with overweight defined as 25pbody mass indexo30, and obesity defined as body mass indexX30. Among children and adolescents (o19 years), the International Obesity Task Force cutoffs (Cole et al., 2000) were used.
Sociodemographic measures
Location of residence was based on census classifications. For all adults, location of the respondent at birth, timing of migration, household income and education of each individual respondent were also obtained. Using a collection of measures on household income, assets, housing type and household size, we conducted principal component analysis to create a wealth index (Vyas and Kumaranayake, 2006) and categorized households into quintiles (Q1 ¼ least wealthy; Q5 ¼ wealthiest).
Analyses
All analyses results were corrected using sampling weights, clustered by primary sampling units, and took into account the two strata sampling design. The analyses excluded the disabled (for example, missing limb) and women who were pregnant or lactating at the time of the survey. Analyses were conducted in Stata version 11 (StataCorp., 2009) using thesvy-commands.
Results
Of those selected for interviews, 478 women (91%), 276 adolescents (83%) and 253 children (100%) completed dietary recalls, physical activity and anthropometry components of the study.
Obesity prevalence estimates Table 1 shows that in 2009/10, 65.6% of adult Emirati women in the United Arab Emirates are overweight or obese. Only 30% of adult Emirati women in the United Arab Emirates are normal weight, and 5% are underweight. Among Emirati adolescents, 20.5% of females are overweight and 19.7% are obese; 16.2% of adolescent males are overweight and 11.7% are obese. Among Emirati children, 40.7% of female children and 25% of male children are overweight or obese.
Dietary factors Caloric intake. From dietary recalls, total calories and sources of calories consumed by participants showed that the average daily total caloric intake is highest for adolescent Emirati boys (1954 kcal/day), whereas young Emirati girls have the lowest daily caloric intake (1649 kcals/day). Using standard formulas to estimate energy requirements based on age, gender, physical activity score, height and weight (Institute of Medicine, 2002), we determined the proportion of respondents that consumed more calories than their estimated energy requirements. We found that a large percentage of Emirati children (43.2% of girls and 38.2% of boys 6-10 years) consumed more calories than needed. About a third of Emirati adolescents and adult females also consume more calories than needed; 16% of adolescent males do so. In addition, a significantly higher proportion of female Emirati adolescents and children over-consumed compared with their male counterparts (Po0.05).
Snacking. Across all gender-age groups, the norm appears to be around four eating occasions a day with an average of 1.5 snacks. As shown in Figure 1 , snacking represents a major source of Emirati caloric intake, making up 500 kcal (26-28%) of total calories consumed by Emirati adolescents. Among Emirati children, 23-26% of all calories are consumed between meals, and among adult Emirati women 20% of calories are consumed between meals.
Caloric beverages. Calories from beverages appear to be one of the major contributors to total calories, comprising 8% of total calories for adult Emirati women but up to 14% for male Emirati children. Figure 2 shows that sugared sodas and fruit drinks (for example, cola, root beer and orange squash) account for the majority (40-71%) of liquid beverages. In addition, whole milk, as opposed to low-fat milk, contributes to a higher proportion of the total daily liquid caloric intake among Emirati children (44-69 kcals/day from whole milk versus 3-6 kcals/day from low-fat milk).
Physical activity factors Activeness. Table 1 also shows the breakdown of lowmoderate-high physical activity levels by gender-age groupings. Only 41% of the adult Emirati women have moderate or high levels of physical activity. A significantly lower proportion of Emirati girls engage in moderate and high levels of physical activity compared with boys (53-63% versus 77-81%, Po0.05). Physical activity levels are decreasing across age groupings (from children to adolescents to adults) for females.
Sedentariness. This study found that female Emirati children and adolescents spend more time sitting compared with male Emirati children and adolescents on average. The 25th percentile of time spent sitting indicates that 75% of female Emirati adolescents spent 45 h sitting per weekday compared with o50% of male Emirati adolescents who do so (Table 1) . Meanwhile, the 75th percentile of time spent sitting indicates that 25% of adult Emirati females sit for 46 h/weekday, 25% of adolescent females sit for 49.5 h/weekday and 25% of female children sit for 48 h/ weekday.
Underlying factors
Urbanization. Among adult Emirati women, urban residents have lower caloric intake compared with those living in rural areas (by 115 kcals/day), but the overall compositions are similar (Table 2) . Adult Emirati women living in urban areas are far less likely to engage in moderate to high levels of physical activity. However, when location and history of residency (5 years ago) were taken into consideration, a slightly different picture emerges. Those who always lived in villages had the lowest total caloric intake and lowest proportion of diet comprised of fat. Otherwise, among the other groups, total calories and diet composition did not vary greatly. Similarly, women who remained in villages, relocated from settlements/villages to towns, or relocated from towns or cities to settlements/villages had much higher levels of physical activity. Meanwhile, female respondents who remained in small or large towns or cities, and those who relocated into cities had considerably lower levels of moderate or high physical activity and higher prevalence rates of overweight and obesity (Table 2) .
Wealth. In the United Arab Emirates, all Emiratis receive benefits including education, housing, subsidized utilities The UAE nutrition transition SW Ng et al and monthly stipends from the government. Thus, the wealth associations may not be as prominent as elsewhere. We found that total calories declined with wealth until the second highest wealth quintile (Q4), where the proportion of energy from fat was the highest (Table 2 ). In addition, the wealthiest households had the highest caloric intake, whereas women from households with the 40th to 60th percentile of wealth had the lowest average caloric intake, and the highest proportion of their diets coming from carbohydrates. For physical activity, similar U-shaped associations between household wealth and high physical activity, and with sedentariness exist. Adult Emirati women from the poorest (Q1) and wealthiest (Q5) households have very low levels of moderate to high physical activity. In addition, inactivity measured by time spent sitting increases with wealth until the 4th wealth quintile (Table 2 ).
Discussion
The United Arab Emirates has undergone a remarkable economic and social transformation in a short 30-40 year period. Meanwhile, the prevalence of obesity and overweight in the Emirati population is high and has increased over time. Among adult Emirati women, 65% are currently overweight or obese compared with 2000 estimates (Sheikh-Ismail et al., 2009; Figure 3) . Although the overweight prevalence increased slightly from 27 to 31%, obesity nearly doubled from 16 to 34%, with grade III obesity (body mass indexX40) rising the most dramatically from 2% in 2000 to over 11% in 2010 (Figure 3) . Indeed, the prevalence of overweight and various grades of obesity among women in the United Arab Emirates are comparable with women in the United States, which was estimated to be 64% overweight or obese, 36% obese, 18% with grade I Figure 1 Calories consumed at different eating occasions by gender-age group. Figure 2 Calories from beverages by gender-age groups.
The UAE nutrition transition SW Ng et al Significantly different (Po0.05) from urban adult Emirati women. In looking at the difference among rural and urban adult women by the 19-34 years and the 35-50 years age groups, there are significant differences for women living in urban areas by these age groups for the prevalence of normal weight (43 versus 15%) and obesity (19 versus 46%), but no differences with regards to diet and physical activity. For women living in rural areas, the prevalence of overweight (22 versus 36%) and obesity (29 versus 53%) were significantly different between the 19-34 years and the 35-50 years women, but none of the diet or physical activity measures were significantly different by age groups. The gender difference, which did not exist in 2005, appeared between boys and girls in 2009/10 and is much larger compared with other countries, such as the United States . Other Arabian Gulf countries have also observed similar gender differential in prevalence of overweight and obesity between male and female across most age groups (Ng et al., 2011) , suggesting that the context of the Arabian Gulf may be particularly conducive for females to be overweight or obese. Among children, this study's estimates for girls are similar to past estimates based on 1999 data (Malik and Bakir, 2007) , and exhibit slight The UAE nutrition transition SW Ng et al increases in the prevalence of overweight and obesity among boys (Figure 4) . A number of factors at the individual, home, community, societal, economic and environmental levels might contribute to the rising rates of overweight, obesity and nutrition related non-communicable diseases. At the individual level, increased snacking, high levels of caloric beverages and reduced activities are likely factors that account for these trends. Snacking presents a very large proportion of calories for Emirati. Even though respondents reported only 1.5 snacks/day, these numbers reflect a level of caloric intake from snacks as high as the United States (Piernas and Popkin, 2010a, b) , even though Americans have twice the number of eating occasions compared with Emiratis. This may reflect more calorically dense foods consumed as snacks, or longer time periods spent eating that has been categorized into one snacking episode. In addition, caloric beverages account for 8 to 14% of total calories, which are below that found for in the United States, United Kingdom and Mexico, among countries with national studies on these beverages (Barquera et al., 2008; Popkin, 2010; Popkin et al., 2010) . Although these levels are relatively low for adult females, excessive sugar-sweetened beverages (soda and fruit drinks) and replacing whole milk with low-fat milk consumption among children and adolescents, represent targets for calorie reduction.
Currently, physical activity levels are low among Emiratis, especially among females and those living in urban areas. Only 41% of Emirati women undertake moderate or high levels of physical activity, compared with 82% of United States women (Kruger et al., 2007) and 65% of Saudi women (Al-Hazzaa, 2007) . Past studies in the United Arab Emirates have alluded to possible societal and institutional reasons that account for low physical activity levels among Emiratis of all ages (Carter et al., 2003; Musaiger et al., 2003a; Wasfi et al., 2008) , but particularly among females (Musaiger et al., 2003b; Kerkadi et al., 2005; Ali et al., 2008; Wasfi et al., 2008; Berger and Peerson, 2009 ). Explanations for low engagement in physical activity include strong sociocultural norms that create obstacles for sport involvement, a lack of role models, and for females, the additional limited access to sporting venues and appropriate attire (Berger and Peerson, 2009) . Females therefore tend to spend a large part of their time indoors, whereas socializing or television watching frequently involve eating and snacking on high fat or sugared foods (Kerkadi et al., 2005) . Even home activities such as preparation of food and household chores are lacking, as these are often carried out by maids or cooks (Al-Hourani et al., 2003; Mabry et al., 2010) , the presence of which is significantly associated with body mass index and obesity (Al-Isa and Moussa, 1999; Al-Kandari, 2006 ). These will have intergeneration effects, as Emirati children are likely to emulate the lifestyle behaviors of family members. Certainly, other individual level factors such as motivation or personal preferences that interact with these sociocultural and environmental factors are also important, but this was beyond the scope of this study, and is a research gap, particularly in the Arab Gulf context.
Environmental factor such as cities not designed for walking has made Emiratis heavily reliant on automobiles (Musaiger et al., 2003b) . Indeed, it appears that the more urbanized areas may be more obesogenic, based on our findings that women who relocated into cities in the past 5 years had the highest prevalence rates for overweight and obesity and were the least active. The arid hot climate, dusty conditions along with exposure to indoor and second-hand smoke are additional underlying factors linked with a high prevalence of asthma (Al Frayh et al., 2001; Ibrahim et al., 2006; Yeatts et al., 2011, working paper) , which discourage exercise or being outdoors.
With just a cross-sectional survey, it is not possible to reach conclusions about causality. Detailed analyses with efforts to track these measures longitudinally will allow for more definitive conclusions. Moreover, it is possible that women in the poorest households might appear to have lower levels of physical activity because the International Physical Activity Questionnaire only asks about leisure activities, not work-related activities, which may be higher for this subpopulation. In addition, the dietary estimates are based on a snapshot of a 24-h period, and might therefore not be a good reflection of overall diet or usual intake, which might vary substantially daily or seasonally. Mis-reporting of consumption might have also occurred (particularly on snacks and possibly among the obese), but the use of the five-step multiple pass method should have minimized these potential biases.
Nonetheless, it is clear that a combination of various initiatives that make healthier diet choice and physical activity less difficult to achieve is needed. These include working to create a more positive built environment and provide social support for improved lifestyle choices by individuals. As the United Arab Emirates continues to urbanize, health officials should also work with planners to ensure that communities have access to exercise facilities and design communities that promote active transport, are safe for exercise and also cater to females within their cultural context. Access to a larger variety of healthier food options, limiting access to or increasing the costs of less healthy options may also help improve diets. These environmental changes along with targeted public nutrition education (for example, limit the consumption of calorically dense sugared soda, fruit drinks and whole milk, whereas encourage consumption of water and low-fat/skim milk instead) and promotion of physical activity from a young age and especially among females can work well hand-inhand. In addition, health practitioners should continue to measure and monitor the weight status of its population during any routine medical visit at all ages. This could allow physicians to prevent unnecessary weight gain and provide appropriate diet and activity recommendations, as well as direct patients to nutritionists, dieticians or other specialists as needed.
